Background-Paclitaxel, a microtubule-stabilizing compound with potent antitumor activity, has been shown to inhibit smooth muscle cell proliferation and migration. The DELIVER trial was a prospective, randomized, blinded, multicenter clinical evaluation of the non-polymer-based paclitaxel-coated ACHIEVE stent compared with the stainless steel Multi-Link (ML) PENTA stent. Methods and Results-A total of 1043 patients with focal de novo coronary lesions, Ͻ25 mm in length, in 2.5-to 4.0-mm vessels were randomized (ACHIEVE nϭ524; ML PENTA nϭ519). Angiographic follow-up was performed in a subset of 442 patients (ACHIEVE nϭ228; ML PENTA nϭ214). Prespecified end points were a 40% reduction in target-vessel failure at 9 months (primary clinical end point) and a 50% reduction in binary restenosis at 8 months (major secondary end point). Baseline clinical characteristics were comparable between the groups. Patients in ACHIEVE had more type C lesions and a larger reference diameter. At follow-up, stent late loss was 0.81 versus 0.98 mm (Pϭ0.003), stent binary restenosis was 14.9% versus 20.6% (Pϭ0.076), and target-vessel failure was 11.9% versus 14.5% (Pϭ0.12) for ACHIEVE and ML PENTA, respectively. Conclusions-The ACHIEVE paclitaxel-coated stent decreased neointimal proliferation compared with the bare-metal PENTA stent; however, this reduction was insufficient to meet the prespecified primary end point of target-vessel failure and the secondary end point of binary restenosis.
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The most recent approach has been the development of drug-eluting stents that by design deliver medication directly to the site of vascular injury. [17] [18] Recent clinical trials of polymerand non-polymer-based paclitaxel-and sirolimus-eluting stents have demonstrated promising results in the treatment of de novo coronary lesions. 19 -24 Because early studies investigating the biocompatibility of synthetic polymers showed significant inflammatory and proliferative responses, [25] [26] the use of nonpolymer-based local drug delivery became an attractive approach. We report the angiographic outcomes of the nonpolymer-based, paclitaxel-coated ACHIEVE stent evaluated in the DELIVER clinical trial.
Methods
The DELIVER clinical trial was a prospective, randomized, blinded, multicenter, placebo-controlled trial comparing the paclitaxel-coated RX ACHIEVE Coronary Stent System (CSS) versus the RX ML PENTA stainless steel stent in the treatment of focal de novo coronary lesions. The RX ACHIEVE drug-coated stent incorporated Guidant's ML RX PENTA CSS and Cook's proprietary paclitaxel nonpolymeric coating process. This coating was applied directly to the stent at a dosing density of 3.0 g/mm 2 stent surface area. After the release of paclitaxel, only a bare-metal stent remains.
Study Population
Patients were enrolled from November 2001 to March 2002 at 61 US clinical sites. Inclusion criteria included age Ͼ18 years, history of angina or a positive functional study, candidate for coronary bypass surgery (CABG), and agreement to undergo all protocol-required long-term follow-up examinations. Angiographic eligibility criteria were the presence of focal de novo lesions located in a major native coronary vessel or branch with a visual reference diameter of 2.5 to 4.0 mm and Ͻ25 mm in length (visually estimated), stenosis of Ն50% and Ͻ100%, and TIMI (Thrombolysis In Myocardial Infarction) flow grade Ն1. Two-vessel treatment was allowed, with only 1 lesion per vessel. If 2 lesions were treated, the first lesion treated was designated the nontarget lesion and the second the target lesion. Exclusion criteria included acute myocardial infarction within 3 days preceding the index procedure, renal insufficiency (serum creatinine Ͼ2.5 mg/dL or dialysis), multiple lesions requiring staged procedures within 180 days of the index procedure, left ventricular ejection fraction Ͻ30%, presence of untreated lesion of Ն40% diameter stenosis proximal or distal to the target lesion, locations Ͻ2 mm from the origin of the left anterior descending coronary artery or left circumflex coronary artery, aorto-ostial and unprotected left main, bifurcations, within or beyond an arterial graft or saphenous vein graft, total occlusions, heavy calcification, excessive tortuosity of the proximal vessel, presence of intraluminal thrombus, and restenotic lesions. All treated lesions had to meet these inclusion and exclusion criteria.
End Points
The primary study clinical end point was target-vessel failure at 270 days: the composite of death, Q-wave myocardial infarction, non-Q-wave myocardial infarction, and target-lesion revascularization by CABG or percutaneous coronary intervention. The major secondary end point was binary restenosis by independent quantitative angiography at 240 days. 
Procedure
Patients received a loading dose of antiplatelet medications, clopidogrel 300 mg and aspirin 325 mg, within 24 hours before or immediately after the implant procedure. Subsequent pharmacology included clopidogrel (75 mg daily for 90 days) and aspirin (325 mg daily for 1 year). When 2 lesions were present, the nontarget lesion was treated first with any Food and Drug Administration-approved bare-metal stent. If the patient continued to meet all inclusion and exclusion criteria after the first lesion was treated, the eligible target lesion was randomized to implantation of either the ACHIEVE or ML PENTA stent. Predilatation was required. Stents were available in 2.5-, 3.0-, 3.5-, and 4.0-mm diameters and in lengths of 15, 18, 23, and 28 mm. In the event of bailout or if an additional stent was required to cover the lesion, additional stents had to be identical to the randomized treatment group; stents were available in diameters of 2.5 to 4.0 mm and lengths of 8 and 13 mm for use in these circumstances. An optimal result was considered when all of the following criteria were met: (1) postprocedural residual stenosis Ͻ10% and free of filling defects or edge dissections, (2) any or all side branches patent, (3) TIMI 3 flow, and (4) freedom from chest pain and ischemic ECG changes. Angiographic follow-up was mandated in the first 500 consecutive patients at 240 days (8 months) , which constituted the angiographic subset. If clinically warranted, angiography and revascularization were performed at the physician's discretion.
Quantitative Angiographic Measurements
Cineangiograms were analyzed independently by Cardiovascular Research Foundation's Angiographic Core Laboratory. Quantitative coronary angiography was performed with the CMS-GFT algorithm (MEDIS). The accuracy of this method has been reported in detail. 27 The minimum lumen diameter (MLD) and mean reference diameter (RD), obtained by averaging 5-mm segments proximal and distal to the target-lesion location, were used to calculate the diameter stenosis [diameter stenosisϭ(1ϪMLD/RD)ϫ100] at baseline, after final intervention, and at follow-up in the prespecified angiographic subset. Acute gain was the change in MLD from baseline to final intervention; late loss was the change in MLD from final intervention to follow-up. Restenosis was defined as a Ն50% diameter stenosis at follow-up within the stent and the treated segment. The stent analysis was confined to the stent itself, and the segment analysis included the stent plus a 5-mm segment proximal and a 5-mm segment distal to the stent. The proximal and distal persistent margins were analyzed and reported individually.
Statistical Analysis
Patients were randomly assigned in a 1:1 ratio to 1 of the 2 treatment groups. The primary end point was analyzed on an intent-to-treat basis, and the secondary end point analysis was limited to the first 500 consecutive patients, which constituted the prespecified angiographic patient subset. A sample size of 238 patients in each treatment group provided 92% power to demonstrate a 50% reduction in binary restenosis at 240 days, which was based on the assumption of a 25% restenosis in the control group and 12.5% in the test group. The sample size was increased to allow for an Ϸ5% dropout rate, for a total of 250 patients per treatment group. Statistical testing of the primary and major secondary end points was 1-tailed and was performed at the 0.025 significance level. Fisher's exact test was used for categorical variables and Student's t tests for continuous variables. A value of PϽ0.05 was considered significant.
Results
A total of 1043 patients were randomly assigned (ACHIEVE nϭ524; ML PENTA nϭ519). Baseline clinical characteris- tics were comparable in both groups (Table 1) . Patients in the ACHIEVE group had more type C lesions. The procedural success rate was 99.0% versus 99.8% for ACHIEVE and ML PENTA, respectively (PϭNS). Glycoprotein IIb/IIIa inhibitors were used in 64% of patients in both groups. Two patients in the ACHIEVE group had non-study stents and were excluded from the analysis. Angiographic measurements are shown in Table 2 . At baseline, ACHIEVE patients had a larger reference diameter and longer lesions; the MLD was similar in both groups. Postprocedural reference diameter, final in-stent MLD, and segment MLD were also similar in the 2 groups. Stent length in the ACHIEVE group was 19.8 mm versus 19.7 mm in the ML PENTA group (Pϭ1.0). Figure 1 shows a flow diagram for the angiographic follow-up subset. Of the 501 patients selected for angiographic follow-up, 59 were excluded, which left 442 patients (88.2% of the initial subset) with evaluable angiograms at follow-up. Baseline clinical demographics were similar in the 2 angiographic substudy groups, including diabetes that required treatment (23.3% versus 24.8%, PϭNS, for ACHIEVE and ML PENTA, respectively).
At follow-up, patients in the ACHIEVE group showed a larger in-stent and segment MLD. The larger MLD in the proximal and distal persistent margins in the ACHIEVE group were not significant. Figure 2 illustrates the in-stent cumulative frequency distribution curves for MLD. Significantly lower in-stent and segment late lumen losses were observed with ACHIEVE, which corresponded to a nonsignificant trend for a reduction in stent and segment binary restenosis with ACHIEVE (Table 3) .
On the basis of the intent-to-treat analysis, ACHIEVE patients had a nonsignificant trend toward a lower incidence of target-lesion revascularization (8.1% versus 11.3%, Pϭ0.09) and target-vessel failure (11.9% versus 14.5%, Pϭ0.12).
In the multivariate model, independent predictors of binary restenosis ( Table 4 ) included use of a 2.5-mm stent, diabetes that required treatment, glycoprotein IIb/IIIa inhibitor use, and prior myocardial infarction. For patients who received IIb/IIIa inhibitors, restenosis was 17.5% for ACHIEVE versus 23.9% for ML PENTA (Pϭ0.2), and among patients who did not receive IIb/IIIa inhibitors, restenosis was 8.8% for ACHIEVE versus 14.5% for ML PENTA (Pϭ0.4).
Discussion
Paclitaxel, a microtubule-stabilizing compound with potent antitumor activity, has been shown to inhibit smooth muscle cell proliferation and migration. 28, 29 Results from the ELUTES (European evaLUation of pacliTaxel-Eluting Stent) and ASPECT (A paclitaxel-eluting Stent for the PrEvention of Coronary restenosis Trial) dose-finding studies showed a significant dose-dependent decrease in late loss and restenosis rate with nonpolymeric paclitaxel-coated stents in patients with single de novo coronary lesions. 19, 20 The pivotal DELIVER trial demonstrated that the reduction in late loss seen with the paclitaxel-eluting ACHIEVE stent compared with the bare ML PENTA stent did not translate into a meaningful reduction in clinical revascularization or restenosis. Differences in the outcomes of these trials may be related in part to the characteristics and performance of the different stent platforms used, which could have affected the results of the control arm and the drug dose and elution properties of the active arm.
Stent strut thickness has been shown to have an effect on restenosis of bare-metal stents. 30 The ACHIEVE CSS incorporates the ML PENTA platform with 0.09-to 0.12-mm-thick struts, 12% to 16% metal/artery coverage, 31 Predictors were chosen by stepwise linear regression with an entry criterion of 0.20 significance level and were removed at the 0.05 level (from the Wald 2 statistic). and a similar metal surface area coverage (25 mm 2 for a 15-mm stent) compared with the V-Flex stent used in ELUTES (strut thickness 0.08 mm, Յ15% metal/artery coverage, and metal surface area of 22 mm 2 ) 32 but less than the Supra-G stent used in ASPECT (0.11-mm-thick struts and a metal surface area of 42 to 47 mm 2 for the 15-mm stent). 19 All 3 stent platforms were coated with paclitaxel by Cook's proprietary process. At follow-up, the control group in DELIVER had a restenosis rate of 20.6%. This was similar to the control group in ELUTES (20.6%), but considerably lower than control groups in the ASPECT (27%), TAXUS-IV (A Polymer- 19, 20, [22] [23] [24] Although multiple factors contribute to restenosis, the overall performance of the ML PENTA stent in DELIVER was excellent, demonstrating larger acute gains than with other bare-metal stents for similar vessel sizes ( Table 5 ). The performance of the ML PENTA resulted in lower than expected restenosis rates in the control arm (20.5% instead of the estimated 25% used for sample- size calculation), which somewhat blunted the beneficial results of the ACHIEVE stent. The angiographic restenosis rates in patients treated with a high-dose density of paclitaxel-coated stents in ASPECT (3.1 g/mm 2 ) and ELUTES (2.7 g/mm 2 ) were 4% and 3.2%, respectively. A comparison of ASPECT and ELUTES suggests that it is the dose density, not the total dose, that is important. In ASPECT, the total dose delivered was 130 to 146 g at the 3.1-g/mm 2 dose density. Conversely, in ELUTES, the total dose was 60 g at the highest (2.7 g/mm 2 ) dose density. 19, 20 Thus, there were identical biological responses despite different overall amounts of drug but similar dose densities. The dose density of paclitaxel used in the ACHIEVE stent in DELIVER (3.0 g/mm 2 ) was similar to both ASPECT and ELUTES; however, the restenosis rate was higher (14.9% at 8 months of follow-up). It is not clear why the treatment arm of DELIVER was so dissimilar from ASPECT and ELUTES. One possibility is that the ELUTES and ASPECT trials enrolled patients with less complex lesions ( Table 5 ).
Drug release kinetics are different for polymer-versus non-polymer-based systems, which may further explain differences in outcomes seen in DELIVER, TAXUS-IV, and SIRIUS. In DELIVER, ASPECTS, and ELUTES, paclitaxel was adhered to the abluminal surface of the stent by a similar proprietary coating technique without polymer. Pre-clinical studies have estimated that up to 40% of drug is lost during stent delivery of non-polymer-based systems and that paclitaxel release is relatively rapid and complete within days to weeks, leaving the underlying bare metal stent exposed. This is considerably different from the polymerized paclitaxelcoated stent used in the recently reported TAXUS-IV trial. 24 Even though paclitaxel had a lower dosing density in the TAXUS program, the release kinetics were slower (Ͻ10% elution in 30 days), which may explain the differential effectiveness of the 2 systems, with the greater late loss in DELIVER compared with TAXUS-IV (Table 5) .
Nevertheless, the findings in the DELIVER trial confirmed that nonpolymeric paclitaxel-coated stents decrease neointimal proliferation compared with the bare-metal stent control group given the lower in-stent and segment late loss observed with the ACHIEVE stent. However, the benefit of this nonpolymeric paclitaxel-coated stent was significantly less than that observed in other polymerbased drug-eluting stent programs with paclitaxel or sirolimus and did not translate into meaningful reductions in angiographic or clinical restenosis ( Table 5 ). Late loss has proven to be one of the most sensitive and operatorindependent angiographic measures of the effect of drugeluting stents and may be used to predict restenosis rates in different vessel diameters. Therefore, as an end point in clinical trials, late loss offers the advantage of reducing sample size; however, caution is necessary in using late loss as the sole end point, because significant differences in late loss may be clinically meaningless. A late loss threshold should be predefined for the study device in the range of vessel sizes studied that correlates with a meaningful reduction in target-lesion revascularization.
Conclusions
The ACHIEVE paclitaxel-coated stent system decreased neointimal proliferation compared with the bare-metal stent; however, this reduction was insufficient to meet the prespecified primary end point of target-vessel failure and the secondary end point of binary restenosis.
